FOCUS
T he role of sex in adult spinal deformity (ASD) surgery outcomes has not been extensively investigated. In contrast, several studies in the pediatric deformity population have demonstrated that sex does play a role in perioperative outcomes. 11, 16, 22 These studies found that male adolescent idiopathic scoliosis (AIS) patients had greater preoperative curve magnitude, less preoperative curve flexibility, and less deformity correction than female patients. Male patients also had greater estimated blood loss (EBL), longer operative duration, and higher complication rates. 11, 22 Male AIS patients were also found to have better preoperative health-related quality of life (HRQOL) scores for self-image and mental health and better postoperative pain and mental health at 2 years after surgery. 16 However, the influence of sex in adults with spinal deformity is not well understood. ASD includes a wide spectrum of pathologies, including untreated or progressive idiopathic scoliosis, degenerative scoliosis, kyphosis, and sagittal decompensation. Baseline patient health and functional status is also more variable than in the AIS population. For these reasons, identifying whether sex is a significant determining factor for ASD outcomes is difficult. Female patients undergoing lumbar surgery may have slightly more preoperative disability and back pain than male patients, although male patients more frequently stated that lumbar surgery met their expectations of symptom relief. 4 Male patients with chronic spinal disability had higher physical function before and after treatment, and women in this population were more likely to have symptoms of depression. While these findings suggest a potential role of sex in adult spinal disorders, no studies have specifically addressed this question in the deformity population. 13 The objective of this study was to determine whether sex influences operative morbidity, complications, radiographic correction, or HRQOL in ASD surgery. We hypothesized that male ASD patients would have more intraoperative blood loss and a longer operative time due to a more muscular body habitus and stiffer deformities, thereby leading to more complications and worse HRQOL scores. Surgeons must understand the association between sex and perioperative outcomes to allow the appropriate counseling of ASD patients in a shared decision-making model. Moreover, in a value-driven health care economy, we must make informed decisions regarding the use of antifibrinolytics, osteotomies, fusion augments, and spine implant density and how sex may affect these decisions.
Methods

Multicenter Cohort Study
A multicenter database of consecutively enrolled ASD patients was used to perform a retrospective cohort study. Patients provided informed consent for inclusion, and each of the 11 participating enrollment centers obtained institutional review board approval. Patients were enrolled from January 1, 2008, to July 31, 2014. All patients enrolled in this time frame were eligible for inclusion in the analyses of intraoperative and perioperative complications. Patients enrolled up to August 31, 2012, were considered eligible for 2-year follow-up and included in the 2-year analysis. Criteria for patient inclusion in the database were age older than 18 years and at least 1 of the following characteristics: idiopathic or degenerative scoliosis ≥ 20°, thoracic kyphosis > 60°, sagittal vertical axis > 5 cm, or pelvic tilt > 25°. Patients with inflammatory, posttraumatic, neuromuscular, infectious, or neoplastic etiologies were excluded, as were patients who underwent revision spine fusion.
We queried this database using additional criteria to create 2 cohorts: 1 male and 1 female cohort. Additional criteria were primary ASD surgery, instrumented arthrodesis of at least 5 levels, posterior-only approach, and minimum 2-year follow-up. Primary outcomes were estimated blood loss (EBL), operative duration, radiographic correction, need for revision surgery, peri-and postoperative complications, and HRQOL outcomes. The HRQOL instruments collected were the Scoliosis Research Society22r (SRS-22r) Questionnaire, Oswestry Disability Index (ODI), and SF-36; the SF-36 scores were reported as the physical component summary (PCS) and mental component summary (MCS). Complications that extended the length of stay and/or required any procedural intervention were classified as "major." Complications that were managed with observation and/or did not affect the length of stay were classified as "minor."
The independent t-test and chi-square test were used for comparisons of the continuous and categorical variables, respectively, between cohorts. If the expected count for a chi-square comparison was less than 5, the Fisher exact test was used. No correction for multiple comparisons was performed for the baseline data, as we preferred to commit a Type 1 error rather than a Type 2 error when searching for differences between groups. The rates of complications per patient were compared using the chisquare test. The number of complications was also compared by category (cancer, cardiopulmonary, electrolyte, gastrointestinal, implant related, infection, musculoskeletal, neurological, operative, radiographic, renal, vascular, wound, or other). A correction for multiple comparisons was performed for these comparisons, and significance was defined as p < 0.004. Poisson multivariate regression was used to evaluate sex differences in the complications at the intraoperative, perioperative, and postoperative time points (6 weeks, 12 months, and 24 months) by controlling for baseline confounding variables. The analysis controlled for age, body mass index (BMI), Charlson Comorbidity Index (CCI), and number of levels fused.
The responder analysis was performed to compare the number of patients who achieved improvement at or above the minimum clinically important difference for ODI, SRS-Pain, SRS-Activity, SRS-Appearance, SRS-Mental, and SF-36 PCS at a minimum follow-up of 2 years.
Results
A total of 421 patients met the inclusion criteria. Of these patients, 409 (97%; 90 male and 319 female patients) had complete baseline and perioperative data. Two hundred sixty-five patients met the inclusion criteria and were eligible for 2-year follow-up. Two hundred five patients (77%) had complete 2-year follow-up data for analysis (34 male and 171 female patients). Comparative baseline data are summarized in Table 1 . Male patients had a higher mean ± SEM preoperative BMI (29.1 ± 0.8 vs 26.4 ± 0.3 kg/m 2 ; p = 0.001) and CCI score (2.0 ± 0.2 vs 1.3 ± 0.1; p = 0.007). However, there were no preoperative differences in any of the HRQOL scores or radiographic measurements. There were more pure sagittal plane deformities in the male cohort (49.4% of male patients had SRS-Schwab coronal curve Type N vs 24.6% of female patients; p < 0.05) and more lumbar coronal plane deformities in the female cohort (23.6% of male patients had Type L vs 38.6% of female patients; p < 0.05).
Male patients had significantly greater mean ± SEM EBL (2373 ± 202 ml vs 1829 ± 81 ml; p = 0.01) ( Table 2) . However, transfusion volumes during the hospital stay did not differ significantly. Women underwent fusion of an additional mean 1.4 levels compared with men (p = 0.001). The mean number of posterior column osteotomies, number of 3-column osteotomies, and rates of fusion to the sacrum did not differ significantly between sexes. Similarly, mean operative time, mean number of hours in postsurgical intensive care, and mean hospital stay did not differ between men and women. Multivariate regression analysis of the complication rates did not demonstrate significant associations with sex at any of the 3 time points after controlling for age, BMI, CCI, and levels fused. After subdividing the analysis of complications in each time frame by major, minor, and total complications, again no significant differences were found between sex (Table 3) . No sex differences in the reoperation rates were identified (Table 3) . No differences were found in any complication category between sexes.
At the minimum 2-year follow-up, final radiographic measurements did not differ significantly between sexes (Table 4) . Similarly, changes in the mean HRQOL scores from baseline to the minimum 2-year follow-up were not significantly different (Table 4 ). There were no differences in the number of patients who achieved HRQOL improvements at or above the minimum clinically important differences for ODI, SRS-Pain, SRS-Activity, SRS-Appearance, SRS-Mental, and SF-PCS.
Discussion
Male sex has been associated with worse outcomes in pediatric spinal deformity surgeries. 5, 11, 16 We sought to investigate the association between male sex and poor outcomes in a granular, multicenter database of ASD surgeries. We found no association between sex and perioperative complications and no evidence supporting worse HRQOL outcomes for men. We did find greater EBL in male patients, although this did not seem to affect the clinical course and did not cause greater exposure to allogeneic blood transfusions.
There is a paucity of literature on the role of sex in the management of ASD. The prevalence of ASD has been reported to be as high as 10%-30% in the general population, and its incidence as well as the use of surgical treatment are increasing as the population ages. 1, 6, 8, 12, 17 Women are seemingly more frequently affected with ASD than men, although in a study of elderly volunteers there was no difference in the prevalence of adult scoliosis between sexes. [19] [20] [21] High-quality longitudinal studies comparing ASD progression in men and women are lacking, but previous reports have not found differences in deformity progression between sexes. 9 The pediatric spine literature suggests that sex may play an important role in the surgical outcomes of AIS patients. 5, 11, 16, 22 Male AIS patients may have greater mean intraoperative blood loss (1342 ml vs 898 ml; p = 0.001) and more pain on the 1st postoperative day. 11 This cohort also reported a higher complication rate in men than women (16% vs 12%; p = 0.04). Sucato et al. similarly found greater mean blood loss (1148 ml vs 944 ml; p < 0.05) and longer mean operative time (263 minutes vs 202 minutes; p < 0.05) in male patients, but did not find any difference in the complication rates. 22 These authors found that male patients experienced less coronal curve correction than female patients (43% vs 42%; p < 0.05), and this finding was not replicated by Marks et al. or Helenius et al. 5, 11, 22 AIS has, however, a more consistent patient population and pathology than ASD, and lends itself to analysis. Determining the role of sex in the surgical outcomes of ASD patients has proven difficult due to the heterogeneity of this diagnosis and the relative paucity of men in studies of these pathologies. 15 Many cases of ASD are driven by degeneration and progressive sagittal malalignment rather than an underlying idiopathic problem. Numerous patients have had prior spine procedures, including long-segment fusions, although in an effort to homogenize our study population these patients were excluded.
Our findings differ from several published studies on the complication rates in adult spine fusion patients. Basques et al. reported that female patients undergoing lumbar fusion have higher perioperative transfusion requirements. 2 Comparing transfusion rates is difficult in the absence of clearly defined transfusion criteria. Nevertheless, we did not observe any relationship between sex and perioperative transfusions. Rao et al. found that male patients were at a higher risk for postoperative infections following spinal fusions, though this population included patients with trauma and malignancy, which carry different risks for infection than ASD patients. 14 Triebel et al. observed that women undergoing lumbar fusion for degenerative disk disease had worse preoperative pain, disability, and quality of life than men, but we did not observe these outcomes in our ASD patients. However, in a similar finding to our study, the authors found that men and women had equivalent quality of life and returned to work 2 years after surgery. 23 A meta-analysis and systematic review explored the relationship between sex and postoperative mortality and other complications after spine surgery. 18 The diseases studied were not limited to spinal deformity. In this analysis of 50 studies, male patients were at greater risk for mortality with an OR of 1.63 (p < 0.001). Of note, this is a relatively small increase in overall risk as mortality is uncommon and may not be of great clinical significance. Sex did not increase the risk for other complications, whether analyzed in total (OR 1.04, p = 0.42) or specifically for surgical site infection (OR 0.92, p = 0.72). Their findings for morbidity mirror our results in the ASD population, with no risk attributed to male sex. A large administrative database study reported a 30-day complication prevalence of 28.4%, similar to the 22%-34% total complication rate we have found here. 10 In contrast to our findings, Kothari et al. concluded that female sex was associated with a greater risk for 30-day complications, intraoperative and postoperative transfusion, and longer hospital length of stay in a multivariate analysis. 10 This study included a large number of patients, and the ACS NSQIP (American College of Surgeons National Surgical Quality Improvement Program) database requires participating hospitals to have on-site clinical reviewers to maintain accurate data. However, in these types of administrative database queries, the inclusion criteria are not discrete, as with our multicenter cohort; therefore, the etiology and radiographic severity of the included patients cannot be ascertained. Also, there was no way to separate primary from revision spine fusion patients. Importantly, surgical details known to influence complication rates such as the use of 3-column osteotomies and the surgical approach could not be extracted from the NSQIP data, and the analysis of complications was limited to a 30-day window. 7 We believe the discrepancy in the conclusions between Kothari et al. and our study are likely due to these limitations of the source database.
The limitations of our study include its retrospective methodology and the inherent heterogeneity of the etiologies in the ASD population. Unlike the pediatric AIS studies, our ASD population included patients whose primary deformity may have been primarily in the coronal or sagittal planes, or even both. Thus, there may be differences within ASD subpopulations based on deformity type that could not be detected with our data and methodology. Furthermore, we investigated a specific cohort of ASD patients, i.e., those with primary deformities treated with an all-posterior approach. Our findings may not extrapolate to other types of ASD, particularly revision spinal deformity, and some sex-specific complications may result in different findings for reconstructions including anterior approaches (e.g., retrograde ejaculation). Those patients who were lost to follow-up may have had poorer outcomes than those who completed 2-year follow-up, thereby potentially introducing bias into our conclusions. 3 Finally, there were more female than male patients in our study population. We think that the regression analysis adequately controls for this difference and accounts for the small baseline differences between the sex groups.
Conclusions
Sex was not associated with differences in complications, radiographic correction, or HRQOL after primary all-posterior ASD surgeries in a large observational cohort. Male patients did have greater mean EBL, and continued efforts to minimize blood loss through modern blood and fluid management strategies are needed. Given the frequency of complications in ASD surgery, further work is needed to identify the risk factors for complications, both to improve the results of surgery and manage patient expectations through a shared decision-making process. The effect of sex on patient-reported outcomes and complications in revision surgeries and in those patients undergoing additional anterior and lateral proce-dures must be investigated before definitive conclusions can be made.
